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SUMMARY  
Based on multi-zone simulation results, cross ventilation through the trickle ventilators ac-
counts for 20-35% of the total ventilation heat loss in simple exhaust ventilation systems. This 
result is sensitive to the internal partitioning of the dwelling, the indoor temperature distribu-
tion, the sizing of the trickle ventilators and the airtightness of the dwelling. 
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1 INTRODUCTION 
In the temperate climate region of Western Europe (UK/Belgium/France, The Netherlands, 
Germany), simple exhaust ventilation is a widely used ventilation strategy in dwellings. The 
merits of such systems in terms of ventilation performance have been studied intensively, 
mainly regarding the impact of sizing of the components (Laverge & Janssens, 2013) and de-
mand controlled operation (Laverge et al. 2011).  
Cross-ventilaton strategies usually focus on window opening behaviour and exposure of the 
facades to the wind conditions. Maeyens (2003), however, demonstrated that the internal par-
titioning of the dwelling has a major impact on the expected ventilation flow rates. In condi-
tions where the trickle ventilators of simple exhaust ventilation systems are sized for low 
pressure differences such as in the Belgian (2 Pa) or Dutch (1 Pa) ventilation standards, the 
pressure difference due to wind is often larger than that generated by the exhaust fan. Cross-
ventilation therefore plays a major role in the performance of such systems. 
Below, the impact of internal partitioning of the dwelling on the share of cross ventilation in 
the total ventilation flow rate and ventilation heat loss will be discussed. 
 
2 METHODS  
The share of cross ventilation in the total air exchange rate and ventilation heat loss in a typi-
cal Belgian dwelling is assessed with the multi-zone airflow simulation package CONTAM, 
developed by NIST, based on the modelling strategy and reference dwelling previously used 
by Laverge et al. (2011). The impact of internal partitioning is shown by simulating scenario’s 
with the internal doors opened and closed respectively. The different scenario’s that are as-
sessed are listed in Table 1. below. Each scenario is modelled at a range of airtightness levels. 
 
Table 1. Simulated scenarios 
Scenario Design pressure trickle 
vents (Pa) 
Internal temperature 
1. Open plan, FR 
2. Open plan, NL 
2. Open plan, NL 
5. Partitioned, FR 
6. Partitioned, NL 
20 
1 
1 
20 
1 
Uniform, 18 °C 
Uniform, 18 °C 
Living 20°C, Sleep 16 °C 
Uniform, 18 °C 
Uniform, 18 °C 
 
The simulations are run over a complete heating season with a 5-minute time step. Opened 
internal doors are modelled as large openings with bidirectional flow.  
 
3 RESULTS 
Based on the simulation results, cross ventilation accounts for between 20 and 35% of the 
total ventilation heat loss in a typical Belgian dwelling, depending on the airtightness level, 
the internal temperature distribution and the internal partitioning. Figure 1. Shows the total 
ventilation heat loss for a heating season for a case with and without trickle ventilators sized 
at 1 Pa pressure difference with closed internal doors and a uniform internal temperature of 
18°C.  
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Figure 2.6 Graphic representation of the breakdown of the total ventilation heat loss into 
mechanical ventilation, adventitious ventilation and infiltration heat loss in a simulated 
case (x) with mechanical exhaust ventilation with trickle ventilators sized at a 1 Pa 
pressure difference. 
Fan  power  was  not   taken   into  account  because  it   is  very  system  specific.  Since  
heat   loss  and  exposure   reduction  are  opposing   interests,   they  have   to  be   traded  
off  against  each  other  [234,  388].  Several  authors  have  proposed  using  weighted  
sums   of   these   different   criteria   [389,   390].   The   definition   of   these   weighting  
coefficients,   however,   lacks   scientific   evidence.   Therefore,   the   trade-off   is  
addressed  by  means  of  the  concept  of  pareto  optimality.  Pareto  optimal  cases  are  
cases  where  none  of  the  other  standards  achieve  better  results  on  both  indoor  air  
quality  and  heat  loss. 
2.2.4 Sensitivity 
One   of   the   main   problems   with   simulation   models   is   the   uncertainty   on   input  
data,   despite   the   fact   that   the   sensitivity  of   the   results   to  variation   in   the   input  
data   may   be   very   high.   A   lot   of   variables   have   a   distinct   influence   on   the  
performance  of  the  system  and  consequently  the  performance  of  the  system  will  
be  different  for  each  set  of  parameters.  Therefore,  the  use  of  a  calculation  method  
that  takes  both  the  variation  of  the  different  parameters  as  well  as  the  interaction  
between  them  into  account  is  required  to  acquire  statistically  relevant  data.  Large  
sensitivity   to   input   uncertainty   often   appears   near   equilibrium   situations   [391,  
392]   which   occur   for   specific   values   of   structural   parameters   or   weather  
conditions  [363]. 
To   prevent   this   input   dependency   of   the   results,   the   Monte-Carlo   (MC)  
approach,  as  proposed  by  Van  Den  Bossche  et   al.   [347,  393],  has  been  used   in  
this   study.   In   this   approach,   instead   of   fixing   1   value   for   each   input   data,   a  
distribution   is   determined   for   the   key   parameters   and   multiple   simulations   are  
carried   out   with   different   values   of   these   parameters.  According   to   Furbringer  
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Figure 1. The share of cross ventilation (Φv,adv) of total ventilation heat loss for a partitioned 
typical Belgian detached dwelling under a range of airtightness levels. 
 
4 DISCUSSION 
Although, from the results, it is clear that anti-backdraft provisions could significantly reduce 
the ventilation heat loss in simple exhaust ventilation systems with large trickle ventilators, 
this may also substa tially reduce the resulting indoor air quality. 
 
5 CONCLUSIONS 
The share of cross-ventilation in the total ventilation rate is sensitive to the assumptions about 
internal temperature differences and distributions of leakages in the internal partitioning. 
Since there is a general lack of quantitative information about the distribution of internal leak-
ages and internal temperatures and internal door opening are strongly dependent on occupant 
behavior, more observational studies on these aspects are needed to reliably predict cross ven-
tilation across trickle ventilators in practice.  
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